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The isoelectrie points of most proteins from the extremely
halophilic archaebacteria are between 4.0 and 4.65 which

agrees with the generally high content of glutamic and
aspartie acid in proteins from halobacteria. The subunits

from two purified halobacterial membrane enzymes

(ATPase and nitrate reductase) behaved differently with

respect to isoelectric focusing, silver staining and interac-
lion with ampholytes. Differential behavior was also

observed in whole cell proteins from Halobacterium sac-

charovorum regarding resolution in two-dimensional gels

and silver staining. We propose that these differences reflect

the existence of two classes of halobacterial proteins, one

resembling non-halophilic proteins, and the other possessing

unique properties that may be related to salt dependence.
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Inlroduction

Extremely halophilic bacteria require from 2 to4 M Na('l

for growth and man', gro',_ in mediLim that is saturated

with respect to Na('l (Kushner 1978). In addition, they

contain a high lnlraccllular salt concentration, with

K _ >" Na' (Bayle> & Morton 1978) which is reflected by

the presence of protmns that are stabilized by relatp, ely

high concentrations of monovalent cations (Lanyi 1974).

One conseqLJencc of tins dcpendcnce ior high concentra-

tions of monox alcrJt cattotls is that relatively fev,

halobacterial proteins have been purified since lnany

methods of protein purilication are performed at low
ionic sirci+lglh Thc ptOlcins ,,t.hich h,tivt.+been purified (for

recent reviews sot" I{i,,cllbcr 7 & Wachte] 1997; Russell

1999) generally require high concetllrations of sah for
stability and biological activity. However, ;,i few

halobaclcrial protelllS are known tt) be stable, at least to

sonic extent, in the .+ibsci+icc el'high ionic strength (Ma__ &
Dennis 19<',17;Russcll I?Sg).

At prcst.'nt, there is incomplele understanding o1 Ihe
interactions betv+cen proteins and a higll salt environment

(t:'isenberg & Wachtel 19871 It has been knowri for some

lime Ihill tilt." hah+philic protclris tl:.lve an excess of acidic

over basic alYUnO acid>, arid ,i deficiency of hydropht+bic
alnin('l acids (P, clstad 197{I; [+auyi 1974l. With some

protein ,;cquencc's no,a a,,allablc, anliilo acid subslilu-

lions bc/wecn halophllic and their nonhah)philic counter-

parts can bc c,,alti;llcd ol_ _i clU;liltltative basis (Kilnura &
KlillUla It)<R7. KIllltll<i <.! +d. lgcRt); May +.'[ _q/.. ]t)S_-)l

('orrcspondcncc II SI.tii I,qtcl _,lCl 2t<t 4. N.XSA _mes Re-,car<h
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However, a general explanation of how the amino acid

composition affords the unusual tolerance of or even

dependence on high ionic strength of halophilic proteins

cannot yet be given.

F'olyacr.,,lamide gel electrophoresis and isoelectric

t('_ctlslllg are powerful tools for analyzing proteins ,it tile

molecular level. These methods have not been ',vu.tely

applied to halobacterial proteins. There are several

technical problems. Electrophoretic procedures are not

compatible with the presence of high concentrations t)l"

salt. About 0. I M salt or even less interferes with separa-

tion in polyacrylamide gel electrophoresis (Maurer 1971 i,

isoelectric focusing with carrier ampholytes (Vesterbcrg

1975) or with immobilized gradients (Righetti et ,U.

198b;). Thus. electrophoretic separation of halobactcrial

protclns uzidcr non-denaturing conditions is it] most ca,_c,_

not possible. The acidic nature of halobacterial protein_

can lead to additional difficulties. These proteins ina_

possess as much as 20% molar excess of acidic anliilo

acids o'>er basic amino acids (Reisiad 1970: Bavle,, &

Morion 197EI Some acidic proteins behave anomalousl_

during ctectrophoresis in the presence of sodium dodec_ l-

sullkttc probably because of reduced binding of sodiulll

dodecylsulphate (SDS) (Dunker & Rueckert 1969:

[zotova et aL, 1993; Lechner &Sumper 1987). This restihs

in a reduction of expected mobility and leads to an

overestimation of molecular masses. Acidic proteins also

do not readily electrofocus (Stenman 1975; Radola 197_:

Green el a/. I Clg6).

We are engaged in the investigation of halobactcrial

membrane prolcins. One such enzyme, the ATPasc from

fla/oha<tcrium saccharovorzmz, is strictly salt dependent

for its actlv_t,, and stability (Altekar eta/.. 1984; Krlst-

jansson & ttochstein 1985). We obtained prelmml:tr_,

results loi the l%Vo ma.ior subunits of this cn/xmc

follo,,virlg S[)S gel electrophoresis alld lsoelectrlc Ioctl,,

ing. v, hich _vc reported earlier (Stan-l.otter & ttochslcln

1989) lhe most obvious differences to nonhalophlllc

proteins were streaking in isoelectric focusing gels of the

O'Farrell t_,pc (1975) and the nearly cornplete absence el

silver stainability. We have also purified the mtratc

reductasc trom the lnembranes of It. denitri/ican.v I hi,,

erlzvmc i,; ;iCtl_.C and stable in the absence of lugt_

conccnlratlOlls of salt (Hochstem and gang, nlantlscrlpl

In prcp;lr;lllon )

In order tO Iit_.estig:.tlc suitable conditions for electro

phoresis and i,_oelectric focusing of proteins l'rom ltic
e×lremel,+ halol+_hilic archaebacteria, we exainlncd

vcirlous cc'll fracllOl+iS, whole cell proteins and the 1_',_
purified cn/xmc,, llleiltioned above. We sho,._, that ,_n

Hcidic l+l+<_tciN. ,,o', bean tOpsm inhibitor, which, toll_+_
ing chemical nlodilicatiori, had lower isoelectric point,

ttlan ino'.,I halobaclcrial proteins, is readil)locu,,_+.d

Re,;ult,_ ,._.lth the halobacterial proteins follov,'ing elcctlo-
phoresis and isoelectric focusing lead us to suggesl lhat
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Materials and methods

( 7u'mluaLs

The flfllowing materials ',.,,'ere supplied by the indicated

COll+pauics SigIn;J. (heroical ('ompan): Tween 40,

Tween80, soybean trypsin inhibitor, bovine serum

albumin. Pierce: Tween 20. Brij-35+ B('A Protein Assay

Reagent. Pharmacia-LKB: Pharmalyte pH 2.5 - 5,

pH4.2--4.9 and pH3 10: LKB Ampholine pH3.5-5.

Serva: Servalyt pH4 5 and pH _ I0. Calbiochem:

Zwittergent, 3-( (3-cholamidoprop} I)-dtmelhylan+mlc, nio-

I-propanesulfonate (CHAPS). N.N-bis-(3-D-glucon-

amidopropylFcholamide {Big ('HAP}. BioRad: BioRad

Protein Assay Reagent. 7-globulin. Silver Stain Kit,

isoelectric ['ocusing ([EF)-standards. urea. Triton X-100.

SDS. Roche Diagnostio,: Fluorescamlne (Fluram). East-

man Kodak Co.: Sodium deoxycholate.

Preparation olcc]l/}'actio,._ lJom t talobacterium
saccharovorum

lhe membrane fraction of tla/o/)atlcrHoH .',g/¢charot'ortt,,_,t

(ATC(" 29252) '.,,'as prepared bx disrupting cells m a

French pressure cell and sediment_ng the membranes b.,,

centrifugalion as described hx Kristiansson and [Ioch-

Mere (19HS) Ihc rcsuhllig >upclnatant _as used as the

q.OUl'Ce el the c.', t,,)plasinlc lr,Actltql [ hcsc lf-actit)ns %ere

storcd at 22 ( in the dark Veholc cclls ',,,'ere lyscd bx

incubating t]lem at 220( ` m dcioni/t?d ,aater at acc, ncen-

tration of 50 mg (_,et weight) per ml After "--- 2 h, the

viscosity of the I)sed cell st,spens,on was considerably

reduced and the Ivsed material v.as immediately stored at
_ 20oc

f_uri[ication o/ &d+,t)acroml e.-_ rmc, ,rod _.t)..it

The laalobactcrtal ArIP/.tse t&;.|_, prep,trod l'[l(+lll] the mcm-

br;.tne Iracttoll of tl sact hmovot.m t\flh_wmg solubilil-
t" -

atlon with ZX_iltcrgctlt and sodium dco\)cholatc (lloch-
SlCII+I t'f _1[ 19S7: <,t4n-l,oltcl & }lochMcin 19S9) the

major >,ubun,tn of the :\ llpasc (I and I1) _er-c clccl-

roelutcd follox_lng SDS gel electrophorcsis as described

previousl3 (Start-Letter & [tochsle,n 198'4). Ihc dis-

similatory tlitralc reductase from the membranes of

ttalot)auturmm _h'.il,qua..v ([omhnson _'t a[. 1986) was

purified Iolh_irig solubflization in tile absence of

detergents using anion exchange, h_(hox_.,lapalltc and gel

filtration chromatograph.,, (Hochstctn and Lane. mcuaus-

cript in preparation).

I'olvacrv/wmdc _..c[ _'/_'_ tro/drorcx¢_

()ne-dimcnslonal slab SDS gel electrophorcsis was pcr-

l'Oln]ed ilCcoldillg tO l.acmmlt (197(I) /',oclccII'IC Ioctlslng

_cts perl\)rmcd in a _.ert_cal slab gel apparatus (Slam

I.otter & t_ll,:lgg l t),R6:l) _xith the l\fllo_ +rig modflicatu+v+s

the gels x_,czc ()5 tnm thick dlld the '.oltagc ',_,as set to

lltO0 V I hc If{l gcl system used ;',4,; the ,me described b_

()'t-arrell (197<,1 and modified. _hcrc ,ndlcattcd. b\ re-

placing lriton X-IO0 _,ith +anou., dctcrgents or tts,ng

'.tll]CI Clll _., 'P.,. cr!l t t I I_+I/, ',d ,,mph,)l\ to,, I'?, _

dll!ICti'qOlldl _C] ClCvll(++)ht)ICM _, D, LI'., pcIlolnwd elthcl t+\

()'llarrcll ', mcth,,d (1975) ii'.,ing gel strips inste,'ld of tube

gels for the II..t step _>r b', carrying out SI)."; gel
electroph,,tc.+. _r: thc fit,,t dlmcn.,i_m and It{l in _hc

SCCt)tld dllllCrl',lt_ll (Slan-l,,,)ttcr d<__ t:hagg 1986a} [ hc ptt

gradient el/t:t- gels was determined after completion of

the run by' ClUling 1 cm gel slices v, ith I ml ofdeaerated

water for I h and measuring the pH of the solution. Gels

were stained with ('oomassie Blue (Fairbanks el a/, 1971 )

or silver (BioRad s,lvcr stain kill Periodic-acid:Sch_l[

reagent (PAS) (Fairbanks et al., 1971 ) was used to detect

glycoproteins Permanent records of the stained gels were

made with Electrophoresis duplicating paper (Kodak) or

photographed using Polaroid film 57 and an orange filter.

Initially. contact prints were made using wet gels as

recomn_ended h,, thcmauufacturer We lind it preferable

to tirst dr,, the gels on a cellophane membrane.

Other mcthodv

Proteins were labelled with fluorescamine as described

earlier (Stan-Lotter & Hochstein 1989). Modification of

proteins with succinic anhydride was carried out by the

procedure of ttolleckcr and Creighton (1980). F'rotein

concentrations were determined by the methods of Brad-

ford (1976). Smith c/ a/. 11985). or [.owry el al. (1951_

Bovine serum atbutmn or 7-globulin were used as stan-
dards.

Results

SDS gel eh'ctrophorc_t_ o/haloluwtertal whole cell

protems

Figure I sho_s an electrophoretogram obtained from

early stationary phase cells ofH. saccharovorum. The cells

were lysed in _atcr and the proteins in the lysatc were

trcated with SDS sample buffer (Laemmli 197(1). A wide

range of molecular species were present and appeared to

be almost uniformh distributed between M/s of 15 x I()

and 200 x 10 _ [.ants land 2 {Figure I)wcrc stained _th

Coomassie Blue [+ants 3 and 4 are the same gcls which.

following staining _th Coomassie Blue, were incubated

in 2501_ isoprc, panol-liP',, ;icctic acid. to relllOVe the d,,c.

and stibsequentl,, stained with silver. Silver staining did

not reveal the presence of additional peptides or enhance

the detectabilit,, of lhose proteins which had stained with

Coomassie Bluc ()n the contrary, several proteins. ,a hich

reacted intensel_ _tth ('oO:llassle Blue. stained weakh

with silver (inthcatcd b', arrows). Several dilluse and

slowly migrating bands :is ,,,,ell ;is some which _erc

retained in the >tacking gel stained nlore strongly v, lth

silver. Some appca red to be glycoproteins since the_ also

stained v-.'ith PAN tcagcnt (not shO"_ls'n).

IEl" o/meml,a,c mM _ t to£/a,_tmc tractimr_

Virtuall) all of the membrane protc_ns from tt _a,.

charovorum clu_,tctcd ,it tht2 ;.tnodlc eDd indlc/.iti[Ig isoelfc-

tric poltlls belo,a J. g {[lgure 2. I;.tnc l) Most of the

c3,toF, lasm_c l-,[o_c_u, ,llno llligr4ted tov',,ards the atlOdlt

end; however, a fc_ bands _ ith isoelectric points up tO 5" "

were ,,isiblc (tlgurc 2, lanes 2. 3) VVhen _soelecttl_.

tocusing was carrlcd out within a narrower pt| gradicnl
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Figure I Si)F, p_d',acr_lam_dc co! clc<::<,ph_,[L'_z_ ,q tmal cell

protcul:, hell/ 1/ _o(( /llAttHHrtltU (Ct]_ t[_!lll /f _(l(_ Jl(IrHll_rH#ll :+.crc

I_,_ed a_ d¢'.t_[ihcd m klcth_M. &_, _ I.tmWlc ,:_mccnl ramm _.t., I [ " ,,

1. 2 fl"0C Gob. _ere .,Lilrlcd _Hh ( ,,{mLl..ic Blue Ilan¢,, I. 2) Jnd

9, lib _,ll'.t-'r (IdllC_, _L 4) M,qc_.u]ar ma_-, markt-'r', dre iIIdlcJ|ed G+II [he

l'Igh[ Arft)% _, point to _on]c p[OlClll_ _[ii£Ii "_[dlilC{.i _cll 'd, llh

('OOrlla_Mc hIJt o111'_ _AC,tkl_, _Alth M/kt.'I [ ,HIC_ l _ _'_ J'_l£ prtltcm.

lanes 2, 4 Ig 7_le protCHI

(_i 3 to 50). most of the pl{q¢ln_ cqutlihrated heir, con

approximatel_ pH 4.()and 4 (_(Il.L'tnc 2. lanes 4. _)When
isoelectric lbcusing _as carlicd t+tlt either £ii the ai"lSellCe

ot" urea or ill the prescm.c of 2 '4 urc:t, the protein',

preclpHatcd in the >ample _cll, lh,x _+as title roi

illClllbr;.lilc and soluble h_;ilt)hdctcl-lJI plOtCllls ;+is _>,cI] a,,

the isolated halobacteNal memhranc enzymes described

below (gels not shown) Proleins from non-halohaclcri:ll

sources ( I 1{1: standard,,) _+ore succc-,sl elk focused in these

gels (not shov, ll).

lli o-di#ndtt sio#la/<l_c / c lc( l r o/dmr c _ # _ ,,I Iz_dot>a( h'r #+d

. hoh> cHI pr(m'ins

[igure J shov, s a t'<.,,.O-dllllCllSltHltll gel t)l" thc total cell

proteillS Ironl 1f. _,flICh_IrowIIHIH the liiq dlmellsit)il v_a,_

a strip fron'_ all I1{f ' slab gel (uppc_ pail _+1I'igure 4 )The
two-diillensiorial gel stl_+_c'tt lltllllCr_+tl', _ell-resohed

spots over the wt_ole rdilge ot molcctilai tlliis,4e _, Vel_,

little nlicroheterogoneit) _d piote_n,,, ,t_ _t'_caled b', ",pot

It:tills, w/.ls ,ipparcill tlt+_c'_t_'l xe_c'ral pl_HL'lrl,, cxhihlled

hori.,'ollt_.l] strcclklng, rllt_St lhH:ibl', Ill the ,iCldlC rt,'glOll el

the gel In adthlloll, ,>elite of thL' hlghc'l molcculcir ill;.i,,x

protelllS tended to streak lhl', lxttlcrli _a-, reprodticlhle

tlt< _l<'<Jl,i4 ,; i ,!-,_I tl\t_tl\_ l!te \ Iq?<illlX _, I.lu

/'4._ -

8i..

,1.8

4.6-

,I,1

.'.,+

Figure 2 l_oelectr_c Iocu_,ing ol halohacterlal proteins ,n _.ide and

IlafrO'a. flit gl<idlCilt,, _,tfllplt'_, _',cre prcpared from h' _+x,

_/hlroloruoI II,lliC', I kl 51 and H dcm[rHt_+mv llano 61 :is dc,,crlhcd in

Method,, and ,uc ,i, lollo_s Membrane I'rachon (lane,. I. 41

Cbh+pla,,mlt-" prtHcm,, (Idnc:, 2. l 5L purlticd rlltralt? reduct.i,,c

(lane b) lhc IFt gel_ contained _4 '.l urea. 4°,g acr)l:.irnldc, 2".,

Triton X-IOiland }"o Pharmal),tespH I It)(lanes I to Jlor ptl 2 <

to 5, (Lille', 4 to 6j ic,,pcclP, cl b Flit." dppro',cllnalc ptl grllthenl', ,if,_'

indica[cd (k'l_ _,t'rt.- ",l,tlllcd '_.llh ('l)omasMo Blue Protein miHlccli

Iratlon,, _t_'rc' I <lilt' I s1 ltg, IJnc 2. 21 i17, lane 1 ]61£!, I,inc J,

2(l_g, IJnc _ -'41_g I,lnc 6 4 't_.lg

205K

116K

9_4K

66K

45K

29K

5.C ,I.8 4.6 4.4 4.2 4.0

+,,+,+
i

. . _+ _ +-t ....

I-igure 3 t_, diHlcn,i,ql,d clcvttclpllt_lcM_ tit Iol,ll cell protein

[]-orll l/ _+i<< h+,u ...... ,++ni I he" Jpl'q<_\lllltlit' ptt gr;ittlt_'Ill c,.tahh',hcd iu

the Iir_t tllrlleil_.l!_ll i_ _li,_ll <_il IlK' lop, to,12cther _,_,ith <ill IFI _,llll_

t:Orlttllillflg -- t}S it _ <,l hq4] cell prl+tciii kltlJt-'Ctlldr illttS>, stallld.lld_

tire Indic:ileal ,lil)llcMdt' !He' sc%lHtl, t thlllerl-.Ion SI)S, ecl l q2 <ug <,t

plotc'ln _lc'lc" .il_l>hcJ (.c'!, ',<.L'IC _(,l!r]l_'d *d, lth {, tl(llll,txklc Itlcic

vehcthcr equlhblatlon timc_, for the let- dimension ill .'ql )S

sample hullL'r II acmmh 197(I) _',ere as short as 10 rain _+l

upio40tnin ]hctquricd,,pot inihetlppcrleftcorner_>l

the SI)S dlmcn,_or_ ',tJllled al',;o _._.H h the I'AS reagei'll (thH

shown) and m<_M l_kcl_ represented the cell ,4urtacc
glycoproteln, _tllvti ii/;1\ t.c ',;imilar Io Ihe one rr(ml

/l+xlol:',uch','#i.+,,'+ h+d-t,uml (I cchncr & ,_unlpcr It)S7)

11:'1" ol L_,)/(*h'<l h,d<,t,,e, f< _,,<d m_ m/.+mc vn: i mc_ end t/#<'_'

lt/)lltll I

] s .\'tH'+l[<' re+/++< h_, [ hc t/Ill;lie redtlctasc from lilt.'

mClrlbranes t'd It J,,m,,m, <m, _as anal)zed on a standard
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IIl eel (',co %lcth,M,) l<,l]<_v,.luv {Ip-.',(,cHtl,,N _]{h 1 \1

utca and 2", [_t(<m X-i()(J tfLeu_c 2. kttlc ()) Ihc I'_],iall

CoIllpoI1cIt{ _._.,i', ,t pl()tClIt ',,t, lth aH itp[')ilIClll, i'.,(:,clcc{l+lC

point of ,1..65. which mtgraled as a double band lhls

protein represunled :t Mli)tllllI tel it N1, tel I_4) / I(). at.,

could be cJettticctt lrt)lll _1 tt_.o dlillCrl<,lOil_il .L'cl '>,lib d

similar IKF strip ;.is the first dimoilsion (gel |lot slier, it).

()tiler subuniis t)[ tile nitrate reductase wore ii+(+rt_' acidic

and had smaller molecular masses. All +ubunils of the

nitrate reductase siainod well with silver, in conlrasl to

other proteins tronl hitlob:.tcterlci {see t'i_ztlre l)

(27 A&mosme lrq)ko.vpk_*to._c The menlhrane-bound

ATPase from tl.._'a((/l_lrocorl.*lH conlaiils two rnajor

subunits of M, or87 × 10'and 60 × 10', subunits I and II,

respectively (ttochstein et <d.. 1987: Stan-l.otter & He, oh-

stein 1989) .,\ two-dinlellsh)n/.il system with Nits I)A(;f -]
as the first and Ifl: as the second diIllCilsit)ll hcis been

described which yields sharply focused bands or v:-irious

native and chenlicallv modilled eubacterial proteins

(Sian-Lotier & Bragg 1986 a d). The same system was
not ettective with either subunits I and I1 of the

halobacterial AFPase (Figure .4). Bolh r)olypeptides

migrated into tile acidic region of the IF.F gel, but did not

focus, even when 30 000 Volthours (instead of the usual

9000) were applied. Similar patterns were obtained with

I[{F gels containillg different COllCentl-alit)l/S of ]-riton

X-100 (['rom IIo 4o0), or carrier ampholyles from

different commercial suppliers. [)egradation during elec-

trophoresis v, as ruled out as a cause of streaking since

excised II:.F gel slrips conlailling the ATPase subunits

shox_ed single bands _ hcu tun ill :-Ill S[)S gel (not sho_ n)

()lle-dinlellSiOil:-il I1{t ill [rllOl)-Conlilltllil_ gels of

subunits [ and II. _hich __'t__' largely freed t)l ,_[)S b)

eleclroelution, ga_e essentially similar patterns :-is those

shovt, ll in [-igure 4.

Acidic proteins can he difficult to electrofocus due to

lack of suitable carrier amphol_tes capable of establishing

pH gradients ill the required iangc and It) prolonged
foc'using tirnes (sec gteilill:.ill 1975; Green ct lU. 1986 and

references therein) We examined an :.icidic llOll-

halobacterial protein, so_bcan tr_',psill inhibitor, which

w:.is chellliccil]_, modified Io illcorporalc tip to 22 addi-

tional ncgatb, c charges the inodir.,,ing reagent,, _ere

suL'cmic anh)drldc or 4-phcn)lspiro(furan-2(JltL I'-

phthalan-t,V-dioi_e {i]tiOlc",ciil)llile) lalolh re:-icI \_iih

alllillo groups and illlpall I_,',o llCg:-ltlVC charges per

Inodificd group iiilt)it prtqClil tl_Lirc 5 shows all I1(t: gel

of soybean Ir),psln intlibllor, ,ahich was scquential[)

modified with illcrea,qtlg ct)ilcentrations of succinic

anhydride (p<lncl a) or tltlorescamine (panel hi

Modilication of lhc [-irotC'lll b\ succinic anhydride
rest|bed in the appearance of llett batlds with additional

negativccharges Aioialofll suctl bands were visible, :-is

,;ten in the mixture orall modified species (pil[lel a, laile g)

which correspondect to the l(i g-amillogrtltlp', of lys)l
residues and tnic allllilo-telltlillal group of the tr)psin

inhibitor ( Koide ('r _1 , 19721 rhe approxiillille Isoelectric

point of tile full_ modified sr)t_.cles was iS. _hict_ _,_,as

louver [hitll lhat oI ii]lr-;t h<ih_baclc'rial prolelns (see

|:igtires 2. I) .ElnCC ihr, _c'i_, acidic protein could bc

Iocuscd iiltO •harp bat)d-,. Ilk' aclcttc lit|tillt_" t)l Li piotein.

[;'('/ v('. i>, [It)l Ihc hkL'l,, c'dLl-,C o[' _trcaking ill It{1' gels.
Interestingl}. l]tlore,-;Cdllllttc-lll()dil]et] lr.%p•iii lllhibilor

',ieided slight I) more dillu-,c bands Iollo_ing I t l- (panel

b. lanes 4 and <;) thall the '_tlc.t.'llllC anhydride modified

I:igul,e 4 IsoeleclNc focusing of the PAt) maior subtllllI,, ()t the

,% I I)a-,c rrom tl _a( t]l_xrovorum Ill lhe presence el [ rlloll %_. i0fl

gtlbUnll:-, were separated lirst b) SI)S PA(it{ {tlld c',tCl',)cd If(rill tile

unstained gels Following equilibl,ation in 8M urea, 4°o rnton

X-ll)0, I% Pharmalyte pH 2 5 5, the protein containing gel qiccs

",',tic ilppilcd oil <1 ",elIlEal isoelcclric Ioctl',lng gel Coll%l_,[lHt _ , )_ N %{

lllrt'/l 2". ] ill(ill X-lOlL 4t% acr_,tamlde itnd if). Pil,lrni,il,,Ic ptl 2 -

I(_ q (}cl., _._,¢r¢ -.l<lliled with ('t:,onldS:_le _lue rile approi.ml,ilc' pit

7radio|it r, indiLatc'd I.,ttne I. ,,ubtllll[ I1. -- IO/xg. lane 2. _ubunll I

-- 12/lg

4.,8 --
r 2 3 4 5 6 7" 8

li
4,2-- t

5.9--

b
2 3 4 5

4.5 - i). -..,,,,,.......,,lll_ ,_,....

3.9

I'i_ur¢ 5 (. oll_ c'lMOll el dllllllO grotlp', O|--,t)_, be|ill [r_, p-.lll lllhlhl_iq

lille dCldlC group., b_, cilellllCd[ [llOdliiC,lllt)ll Ii1c[t'ilSlllg ,lrlhittr1[x _)T

_,LIL'L'lllIC AIIh\drldc I['ltlrlOi ll) Or Iltlol,CxcHIlllI/C (pallcl b) k%c'le .tddcd

I0 _,O_,bC,tll Ir\pMn millbilor l-tie rOMlltlllg ,;per'lOS t.l, llh illl.[c,r, cd

rB2_.l[l'_C c'il.lr_c'_ v,c'rc ..cpJfAIcd oil d[I IFI gel COlll<illllll_' • _.I ,JJc'd

2')() I)il<lrnlal',Ic pt| 2 5 It) q. 4°,) ac'r,,lamlde, ""o [',_,ceil .t() t ;el,

_erc _l;llllc'd ',,,11tl (.'oolllit',Mc Ithlc IJll¢ _, I. a /llld il ",ilt) _._, [}IC

_)ll_ili;il Iliilll,_dlfic'd pfOlClll lilt" Illt1111 c'(HllpOflen( "_,l(il Aii ,Ip[_i,_'tl-

Ilhl{C ],,oclc.'Clllu p()UV OI4 5 Is IlldlLd[cd b% lilt dll('*%_. -, Ill p,iflcl a

].lnc ,R. ,I rill%lille o[ ,ill mottllic'd species, including lilt ilillft'All.'tt

l_lOlt.'lll farro_ll _l,r, ,ipphed the F{lllOk Of _;Ht.'Cllllt ,trill\tirade !()

r,i<qcin t',,. ,>, ) v, clc () 14 0 26. t) Lid. 1 7-I 2 24. and 2 94 ic_);c, 1;',r]',

(a I,ulc_ TM 1<1 "1. [t1¢ I<llto_, tq iltlore,,c/flnlnc IO prolc]tl %tore" i) ii())r,

() OI6 I) {)'-, t. and () ll%t) respcctl,.Cb, (b. lane', 2 io _) Pr()lt'itl < ,_rH.'tll

_,i_ 21 ll}_' per I,Inc

t_i<)tCin II appC;iicd lhal lhcchcmicalcompO.,lil(m ,,! ihc

meal|licit piolcin tilllueilced it,, bcha_,ior dtiting elccli_,-

lt )c. tl --,i 11_

Ihc cl]ect <)I detergents on eleclrorocu•ing ,,I the

halobaclcrial ,\lt)ase Stlbtlntts _,as studied h,, reptaciii.L'



t FI1 It_lPi_,pt,'l .l',_ll II \111B.\I II RI\I F'RI,II I\'_ I<I

]rlll'ql _-II}{} _._,llh J _.<ilICI\ _lT HIInlIHIIC O! /_AltlUIll)IIIC

detergent', \_.hcvl (tt-\1'_ _,r Bl_ttlAl' ,._,cv-c u,.cd,
_,Ubullit [ I't+Ctl'-,cd _-L.Cl] ,it Jll n+_wlcctrzc point of about 4+ I

whereas subunit [I ',till ,,treaked (not shown). Sharp

f(lci.l<4[11_ ot [_ll_th "qlbtlI11['_ k_,,L_ ,>b,,cr_,ecl truly 'aith the
l_,vecvl <_crnc<, I lwccn 21). 4(I. X(II oI detergenLs Wc

employed T v, cen 4.0 at a Imal conccnmmon of 2%, as had

been bricfl_ roT>erred carher (glanIl otter & Hochstein

1989). Protein-protein interactions can result in streaking

during IEF Our results suggest that if such interactions

take phicc bcl_ con h:t]ob,:tclcrid] .,\IPase subunits, not all

detergents are effective counteragents.

Streaking of both ATPase subunits even in the Tween

40-containing IF'.'F gels was observed, when higher pro-

tein loads were used. A possible, if unusual, explanation

for this phenomenon would be an interaction between

ampholytcsand prote,ns In order to test this possibility,

IF.F was perlbnned m gels. which contained decreasing

amounts of ampholytes, but same amounts of proteins.

As shown in Figure 6, there was a correlation between

streaking and ampholyte concentration. Both ATPase

subunits showed streaking at ampholyte concentrations

of 2% (Figure 6, lanes I and 3). Subunit I focused sharply

in gels containing 0.7% ampholyte (Figure 6, lane 2)

whereas subunit [l still exhibited streaking (Figure 6, lane

4). Subunit II focused sharpl_ in IEF gels containing

0.35% ampholyte (Figure 6, ]Jtnc 5).

Discussion

rhe bulk p[olczn:, from httlobaclcrht possess a large

UXCCSS 1,7t-ticidic over bli";tC Ltlllllh_ _icld,, ( Reistad 1970} :is

do nlOSl of the ribosomal proteins (Matheson 1995;

Kimura & Kimura 1987; Kunura ctal.. 1999) and other

halobacterial proteins which have so far been analysed

(Mevarech el a/., 1977: Danson ct tU., 1986; Lechner &

Sumper, 1997; Stan-Lotter & ttochstein 1999). Thus, the

observed low isoelectric points of the bulk membrane and

sohible proteins (Figures 2, 11 correlated with the known

amino acid compositions of halobacterial proteins. A

/ 2 _ a 5

®

qJiw, Ill

I'iRur¢ 6 ['.,oclcclrlc [l',t. Li,_lll_ _ll ',he ','_k,, rll,ii{,i ,_tlhtltl*l,, el lhc

m'_l',hol_lc I'.,clcclrlt f't}CLl'lll_e IAA, pcrh*rmed hdh,_mg SI)S gel

clcLIrllpholc',n'_ ,1_ dc,,_rlbcd iN rib' Ici,<'r>.t h_ [ I_'iHC 4 C',(CCl'q thai

[v'_CCllgllV_d',tl',Ctiln',lCiltt**I [rlb_ll • [ql(! lhcll J _CJk()ll[dlMCd

chiJcrcill Ct)IICCII[Fd[IO[I?, el PhdrNhi]',{c piI 2 < h> 4 (iCE '*ere

_{<tillCd _Alth (.ot,fTI,t_Mt.' Ilhic I ,lilt.'* I ] xtl_titlc( [ IAI/C _, t I,41 4.

*tltltll/ll II ,4tmphol?,l¢ cll[lcc'll[r,lll,lllx ].lrlc_ ] l -_';,, I,illC'_ 2. 4,

!1 ?",_. I..tllC "i I) tS<'+, Protein per lane I 2. ,t x liiz t !o 9. X 9pg

ll[Irllbc'l _1 h,ll,>i_.lc [cilal [_iiOtCItl_ ['11)111 _ II(llc ccll c'\ti.l< :

,l_ _clt ,l, ihc i_,_ n/alor Mlbtilltl,, el Itic [llCllibialic

A IPt[sc I[oln 1t _ltt/l<_rol'orll##l either :,tallied weaki) or

did not SIIIII1 with silver This was, not correlated with the

origin _t lhc c'li/_, Ilic'. ,,IMCC lhc [lilfale rcdiicldse, v, hlch i,

,.1 illelllbl;liIC t'altlllc] ci1zynlc, stained vcr)well with sll_e[

(not show'nl lhcre mighl be a correlaiion wilh the low

COlltenl el c)>lcltl}l, lysyl and lllelhionyl residues (Stdll-

Letter & Hochstein 1989) which are the amino acids

implicated m silver gram nuclealion (Merril & Pratt

1986).

Streaking during isoelectric focusing is essentially a

technical problem which has been associated with

insufficient t\)cusing time, unsuitable carrier ampholyles,

and formation of precipitates due to protein-protein

interactions Ifor an extensive discussion of the latter

phcriomenon scc t tjelmeland and ('hrarnbach 19gl ). Wc
were able to exclude the first two causes in the case of the

halobacterial ATPase subunits since increasing focusing

times did not elimnnate the problem, and the gel system _e

used restllted m good separation of very acidic proteins

(Figure 5). Moreover, streaking was not observed with
the subunits fwm the halobacterial nitrate reductase. "lhe

standard IEF gel according to the formuhltion of O'Far-

rell (1975) with ,.t linal detergent concentration of 2% has

been widel', used for complex protein mixtures from

different sourcc'_ and proved suitable for elinlinatlng

precipitates due to protein-protein interactions. Thus, the

persistent aggrcgalions or the halobacterial Al"Pase
subunits and some whole cell proteins tinder Ihesc

conditions _ere pii,'lling, particularly m vie,,,, of tile high

conlcnl of tl_dropliilic and tile marked deficiency, el

hyd ropho bit :i I111[1t', <lcIds In ha Iobactcrl:[I protcl ns ( I .a n \ 1
1974) and ihcii iehtii,<ely high solubility (e.g. aboul

0.12mgml ' ill 75ram anlmoniunl bicarbonate J\u

purified ATPasc _ubunii II; Sian-Lotier, nnpublished

observation) Isoelectric t\)cusing of tile halobaclerial
ATPase subunils suggested interactions between proleln

and ampholytes :is :i furlher phenomenon which leads to

streaking Ahhougtl carrier ainpholyles were reported to

interact wiih acidic stibstances such as heparin (Righelti

& (J, ianazza I 97S ). [eliclions with proteins to the point of

precipitation arc untisual Indeed. carrier ampholytes arc

often added irl immobilized pit gradienls to promotc

protein solubil_zat_on (Rimpilainen & Righctti 1995.

Righetti ,,t ./, lqES). Ilov,'cver, protein-amrdlolytc

interaction c:lnnot be a common property of the proteins

from extremel_ halophilic bacteria since the nitrate

reductase, as _ctl a_, nunlerous other proteins from a

halohacierial cell e\liact, fl_cused in a standard It:.F eel

Our data suggest the possibilily that ha.lobacteri:it

proteins mab fall rote tv,'o classes. One resembles the

proteins from non h,iloptlilic organisms v,'ittl respect io

stainabilit) \_,ith ,,l[_ci and isoelectric focusing in Triton
X-100 conlainln_ gt_'l,, rhe other class, which either rail,,
to slain or (_rll_ _eakl\ sl:ilns with silver, rcacls wilh

ainpholyics to IOllll <l precirulalc during IEI', which CClll
he dispersed h_ _e_cral detergents, but not Triton X-I00
]here ma\ be _lihllev dii|c[-ences within members of thl,,

class, as indicalcd b_ the read) focusing of ,41Pa',c
subunil I, bill Ihq <_l ,tlbuMil II. in IEF gels co[llalnlllg

variousde/crgL'NI, _licc'h;ih_baclerial prolcin'-;,.irclicldlC
{t11(.] c{tn rca'4oilabl_ bc axsurncd Io be slmi]itr with lcspect

Io lheir o\c'vall ,illllllt_ acid conlposilion {llayle) &
Morhm lY7Si _tllcf f;calures, perhaps structural, lna\

dCCClU[ll for lhe ,'_[>,cl'_c'd dllt0rcnces The possibilily ot"-;ts



_,CILlilldc'lltlliL'c[nltb',{I/lu_i[__JIIhahq_hlIlCpi_[c'lu'_}ll_[
bccn<_llggcstcdrcccntl\t_> c\l,larn lhcir tln/l'-,ll_l[ [-_l(_['ll.'l

lies (Kisenberg 8: W<tchtcl 19X7)

The proposed dil],..'rciltiAllOil of halob;tCtclia] prolcln'_

corlClatcs _vitt/ the -,ah dependence of liw t_o Ii<lhd_ac

tcrial nlcmbrane CllZylltCs \_hic.h wc analyzed [htlS. the

nitrale redtlctaso, which is 4clive and stciblc iFi the ab_CllCC

of high concentrati()ns of salt (tlocllSicin ;.llld l.ang.

manuscript in preparationi would fall into the class

resembling the lml_-halophilic prl/teins. _hcreas the

ATPase is representative eli those proteins winch lcquirc

hl_._h _q,lltt'[/'<l i!.,_i1-, ill -,All I il<_,c' _ _r_t iil-,l_i]., trc T,, I_..

con_icleucd .i_ ;i t_.<)rkiilg h) ptqhc',.ix _ hich l_ <llllCrl.it_lc i..

cxpCrllllCl/l;t] vcrl[iCatl[)l].

._ckno_ lodgement,,

this _oik _.l_ .,upporled _ilh fund., frlun Ihc N.\_.\

lixoblology program and Cooperative Agreemenl N('("-57_.

while ItS was a Principal Investigator with the S[!TI lnqilule
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80 batch of lla/ohacteriutn saccharovorum cells.
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